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Abstract 
The Phu Kham “Mountain of Gold” copper - gold deposit is located in the Xaisomboun District in Vientiane Province in Lao 
PDR, approximately 100 km northeast of the capital city of Vientiane. The mine is a major Cu-Au deposit  which is located 
within the junction zone between the Loei and Truongson Fold Belts. These belts respectively from the west and northeast 
margins of the Khorat – Kontum, which comprises deformed Palaeozoic volcano - sedimentary sequences and associated with 
acid  to intermediate intrusive rock, intermediate volcanic - clastics, interbedded Permo - Carboniferous limestones, red beds 
(basement rock) and schist host rock. In order to characterize the lithology, mineralogy and chemical composition of various 
material associated with the ore deposit and host rocks were conducted. Analytical techniques basically comprising petrological, 
mineralogical analyses (thin- and polished-sections), geochemical analyses as an X-Ray Diffraction and X-Ray  Fluorescence 
(XRD and XRF) analyses were performed. Mineralization at Phu Kham mainly occurs within diorite bodies, intermediate 
porphyry dykes, mainly in schistose metasedimentary rock as well as a skarn bordering limestone. Most of the ore bearing 
minerals within the Phu Kham deposit comprise predominantly pyrite, chalcopyrite,  bornite, arsenopyrite, galena, sphalerite.  
Mineralization mainly occupying and hosted within  N-S trust fault hanging wall associated with schist, diorite bodies, 
intermediate porphyry dykes, breccia, schist as well as a skarn bordering limestone.  
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1. Introduction 
Phu Kham (laterally translated  as “Mountain of Gold”) is the largest operated Copper-gold mine in Laos, which 
is located  north of Vientiane capital city within the Xaisombon District, Lao PDR (Fig. 1). About 60 km to the east 
of Vangviang city, a tourist district and vibrant city with natural scenery in Central Laos. The deposit was discovered 
in 1994-97 by Australian based Company called Phu Bia Mining, a subsidiary of Pan Australian Resources company 
(PanAust) with Laos Government interest (Tate, 2005; PanAust Report, 2012) with the first production begin in 
2008 producing 23-25% copper concentrate. 
The deposit was originally interpreted as a classical stockwork-disseminated porphyry copper-system hosted 
mainly by volcanicsastics twigs' and skarns with minor porphyry dykes that leaded to the discovery of the orebody 
(Scott, 2009; Khin Zaw et al., 2007; Tate, 2005). This gold and gold, copper mineralization mainly occupying a zone 
which was earlier identified as oxide and primary gold mineralization zone of the prospect known as LCT (PainAust 
Report, 2011). 
This paper highlights some of the preliminary results on the mineralogical and geochemical data on the selected 
host rocks and ore-bearing samples associated with Cu-Au mineralization from the deposit especially those 





















     Fig. 1: Location map of Phukham Cu-Ag deposit, Lao PDR (Coutersy :  Phu Bia Mining) 
2. Regional and Tectonic Setting 
 The NW of Laos belongs to the Burma-Malaya Folded System, whilst the Southern and South-Western regions 
of Laos belongs to the Vietnam folded system. These belts align respectively from the west and northeast margins of 
the Khorat-Kontum terrane (Fan 2000; Metalfe, 2002; Kobayashi & Toriyama, 1970). They contain deformed 
Palaeozoic volcano sedimentary sequences and acid to intermediate intrusive suites (S-type). Precambrian basement 
along the margins being exposed in the SE and NE of Lao, PDR where two major volcano-sedimentary are 
developed on a large stable area of Precambrian rocks (The Indonesian Plate). One now cropping out East of the 
continental block as the NW-SE striking Truongson belt (Fig. 2) which extends from central Vietnam extended up to 
north-central Laos. A major crustal suture, the Song Ma fracture of parallel trend, developed for the East of this arc. 
Phu Kham Cu-Ag deposit (within Phua Bia contract area) occurs within the intersection of the Loei-Phetchabun and 
Truongson fold belts, which also accommodate Phutep and Chatree gold mines in Thailand. Phu Kham mine 
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operation is generally bounded by geographical coordinates (WGS72-UTM – Lat/Lon) of 2,088 ,300, 2,790,000 



















                   Fig 2: Regional setting of Phukham deposits (after Tate, 2005) 
3. Deposit Geology and Mineralization 
Phu Kham is a Cu-Au deposit porphyry-related skarn-type mineralization located in the Laos PDR is hosted by 
complexly deformed, schistose, quartz-sericite-pyrite altered Permo-Carboniferous volcanic, volcaniclastic  and 
intrusive rocks. These rocks occupy the immediate hanging wall of a large NE-dipping thrust fault. Unmineralized, 
variably deformed red beds of the Mesozoic Khorat basin occur in the foot wall to the thrust. At Phu Kham, the well 
defined foot wall and hanging wall sequences are separated by poorly-stratified quartz-rich conglomerate,  breccia 
and cataclastic rocks. Results indicate the thrust was emplacement from the NE, and thus has a greater affinity with 
deformation patterns in the NW-trending Truong Son fold belt. In previous studies, the conglomerate package has 
both been included in the Khorat basin succession and interpreted to stratigraphically underlie the Permo-
Carboniferous volcanic (Tate, 2005). 
High grade Cu-Au mineralization zone is mainly confined within a margin of about 300m wide along the NE 
trending thrust fault hanging wall (Figs. 3 and 4). They are characterized and hosted within the highly alteration zone 
associated with cataclastic metamorphism and brecciated rock sequence made-up of schist, porphyry and diorite 
(rock sequence in contact with limestone  bedrock (Early Carboniferous) and granite (Silurian) on the western 
margin.  In the deposit area, the host rock sequence is separated from a basement of redbeds (in the west) and 
granitoids by a low angle fault. Small diorite bodies and intermediate porphyry dykes intrude the basement and host  
sequence. 
At Phu Kham, as claimed  porphyry-style and scoring- Cu-Au are hosted by the widespread occurrence of 
schistose and generally highly deformed volcanic, volcaniclastic,  and intrusive rocks,  which dominating the 
hanging wall of a large thrust fault (Figs. 3 and 4). To the north and east, the mineralized succession is at fault, 
contact  with and/or  overlies  either limestone sequences and medium to coarse-grained granite. To the south of the 
deposit, a thick sequence of variably deformed slightly calcareous, unmineralized red bed siltstone and fine-grained 
sandstones (occupies the  wall of the thrust fault (Fig. 3). These rocks are  generally separated from the mineralized 



























Fig. 3:  Simplified geological map of the Phu Kham deposit  






















4.  Sample and analytical techniques 
This paper focused on the analytical study of the rock specimens (> 20 nos) acquired during the geological 
fieldwork carried-out in July 2012 analysis. These samples represent different various rock categories, i.e. host 
rocks, mineralized and unmineralized of hard rocks and loose/soil  materials from selected points within the mine 
pit, 400m to 700m depth (RL). Selected samples were prepared for thin and polished sections as well as ground 
powders (<75 µm) for ore microscopic and geochemical analyses. Fig. 5 exhibited the selected rocks and ore-bearing 
samples (Table 1) associated with  Cu-Au mineralization from the Phu Kham mine pit. 
Fig. 4 : Conceptual E-W geological cross-section model of the deposit    
                 (48 Q 279600, 2089 120 – 48 Q 280500, 2089 280) 
 
 


















Fig. 5. (a) PKM-002-B; (b) PKM-991-A; (c) PKM-225-A; (d) PKM-987-A,  Selected rock specimens from Phu Kham mine pit 
 




1 2 3 4 5 6 7 8 
PKM > 588-A 981-A 987-A 986-A 225-A 985-C 002-B 991-A 
SiO2 61.24 57.68 75.68 59.47 66.18 37.30 48.40 62.57 
TiO2 0.93 0.72 0.12 0.30 0.29 0.19 0.78 0.23 
Al2O3 19.71 19.31 12.74 12.93 24.29 2.24 18.30 12.70 
Fe2O3 7.11 5.48 1.18 1.88 1.52 26.12 7.39 1.34 
MnO 0.06 0.00 0.03 0.14 0.00 0.24 0.18 0.05 
MgO 1.88 0.47 0.54 2.43 0.19 1.60 7.06 1.83 
CaO 0.07 0.42 0.72 10.89 0.02 18.76 5.21 3.18 
Na2O 0.98 0.61 2.86 3.41 0.19 0.00 1.92 3.77 
K2O 2.26 3.97 4.90 1.85 0.48 0.15 3.56 1.58 
P2O5 0.10 0.20 0.09 0.12 0.03 0.11 0.18 0.08 
S 0.0022 2.1627 0.0122 0.5198 0.4692 8.3142 0.3802 0.3816 
L.O.I 5.54 8.74 1.06 5.79 6.07 2.60 6.36 12.07 
TOTAL 99.88 99.76 99.93 99.73 99.73 97.62 99.72 99.78 
(ppm) 
V 149 154 14 86 195 544 186 74 
Cr 57 565 79 63 22 43 463 97 
Co 3 0 12 4 10 0 6 1 
Ni 33 81 6 6 3 22 78 10 
Cu 53 301 13 1638 1161 22702 864 853 
Zn 89 51 0 0 13 55 265 3 
Pb 1 214 53 47 88 0 44 31 
As 65 222 48 59 902 213 68 54 
Mo 2 3 11 112 28 0 5 547 
Rb 113 78 210 56 13 8 189 43 
Sr 118 202 87 252 94 89 188 150 
Ba 368 385 129 169 22 0 371 133 
Y 35 20 26 10 4 37 19 8 
Zr 167 70 78 73 87 13 132 48 




(5) PKM-225-A : Greenish, tremolite Schist    
(6) PKM-985-C : Sulphide rich, deformed schist  
(7) PKM-002-B : Schist with quartz vienlet  
     (8) PKM-991-A : Schist 
(1)  PKM-988-A : Silstone (redbed) 
(2)  PKM-981-A : Greenish grey, pelitic schist 
(3)  PKM-987-A : Quartz porphyry rock     









Tremolite Schist    
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5.  Result & Discussion 
Schist from massive bedded lithology to highly deformed which is occasionally traversed by milky white are the 
major metasedimentary rock underlain the mineralized zone of the deposit. 
5.1. Host rock 
Fig. 4 exhibits the conceptual geological  cross-section of the mine pit that portrays lithologies associated with 
copper mineralization which mainly occupying the trust fault zone hanging wall. 
The mine surface geology generally overlain by Palaeozoic volcano - sedimentary rock sequences and associated 
with acid to intermediate intrusive rock, intermediate volcanic - classics, interbedded Permo - Carboniferous 
limestones, red beds (basement rock) and schist. 
Mineralization mainly occupying and hosted within the 300m corridor N-S trust fault hanging wall zone 
associated with schist, diorite bodies, intermediate porphyry dykes, breccia, schist as well as a skarn bordering 
limestone.   
The upper section of the geological profile  mainly characterized by the thick sequence of highly  weathered rock 
(oxide zone). Normally comprises hard to soft, highly altered, yellowish to reddish lateritic clay and decomposed 
rock (colluvium). Schist and diorite bodies which occupy vast majority of the mine pit geology hosted most of the 
copper mineralization sequence within trust zone. Andestic tuff breccia (volcanoclastics) and cataclastic rocks are 
the minor rock units within the mine pit. 
Almost all of the host sequence is affected by strong, pervasive phyllic alteration. The red bed adjacent to the low 
angle fault and steep structures are also sericite altered, but the alteration rarely extends more than 10 m beyond the 
contact. Sulphide, magnetite and garnet skarns clearly replace calcareous units within the host sequence and some 
replace parts of the massive limestone bed to the east. Meanwhile, quartz-hematite skarns appear to represent 
endoskarn developed on the estern margins of granite and diorite dyke intrusive (Fig. 4). 
5.2. Ore mineralogy and textures 
Most of the ore bearing minerals within the Phu Kham deposit predominantly comprise pyrite, chalcopyrite, 
bornite, arsenopyrite, galena, sphalerite.  Mineralization at Phu Kham occurs in several distinct shots and veining 
events as shown in Figure 6 and 7. 
The pyrite skarns contain chalcopyrite and sphalerite occupy fractures within pyrite grains and the third veining 
event produced irregular pods of white buck quartz with interstitial patches of carbonate and minor  coarse 
chalcopyrite. They extend into the red beds, but chlorite infill becomes more  abundant and copper minerals become 
much less common. This suggests that the later parts of the hydrothermal system affected the red beds, but they 
were an unfavourable host for mineralization (Fig. 6). 
5.3. Whole rock geochemistry 
The major of element data of the surface face mine and outcrop samples from Phu Kham deposits are presented 
in Table 1. The SiO2 in the outcrop sample values ranges from  37.30  to  75.68  wt.%,  the  TiO2 content  values 
range  from  0.12 to 0.93 wt.%. The Al2O3 content values range from 2.24 to 24.29 wt.%, and the Fe2O3 content  in  
the sample  values ranges from 1.34 to 26.12  wt.%. MgO content values  range  from 0.19 to 7.06  wt.%. CaO  
content  values  range from  0.02  to 18.76  wt.%. Na2O content values  range  from 0.19 to 3.77  wt.%.  K2O  
content  values  range  from  0.15  to 4.90 wt.%. S content values  range  from 0.0022 to 8.3142 wt.%  and the 
content values ranges of LOI (Loss on  Ignition)  (01.06-12.97 %).  The  other  elements,  such as Mo, P2O5 are < 1 
























































Fig. 6: The number of petrography as: (a) PKM- 002 -D; (b) PKM- 981-A; (c) PKM- 002-B;(d) PKM- 225-A); 
          (e) PKM- 985 -D; (f) PKM- 987-A; (g) PKM- 991-A; (h) PKM- 981-B). 
            Polished section and photomicrographs showing the existing copper bearing ore a the textural relationships 
                                 in the sulfide band of the Phukam Cu-Au deposits Abbreviations: (Py:pyrite, Ccp:chalcopyrite, 
                                 Sph: sphalerite,Gn:galena, Qtz:quartz, Mag: magnetite, Hem: hematite). 
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However, many veins in this set are folded or boudinaged by a later event. These veins contain the majority of the 
stockwork style Cu-Au mineralisation at Phu Kham, but the mineralization is invariably an overprinting event. 
Deformed veins appear most susceptible to this style of mineralization. 
6. Conclusions 
Phu Kham is situated close to the intersection of the Loei and Truongson fold belts and the deposit  has 
previously been grouped with ±Cu±Au deposits of the Loei Fold Belt in Thailand. However, the latest 
Carboniferous – Early Permian  age of the  mineralized volcanic and  the direction of later  thrust emplacement over 
the northern margin of the Khorat basin suggest the area is part of the NW–SE trending Truongson Fold Belt. 
 
Common ore minerals of the porphyry gold – copper relate to skarn deposit at Phukham area are Chalcopyrite 
(CuFeS2), Pyrite (FeS2), Galena (PbS), Sphalerite (ZnS), Bornite, Covellite, Chalcocite, Magnetite, Hematite and 
other Fe oxide minerals. Common textures of ore minerals are replacement, interstitial and fractures infilling, 
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